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ABSTRACT The arborescent species composition of a woodlot on the southern shore of
Western Lake Erie is described using the analysis of data collected from a series of
quadrats located throughout the woodlot. The range of tolerance to edaphic moisture
conditions for selected species, in particular Fraxinuspennsylvanka, and Fraxinus pennsyl-
vanka var. subintegerrima, indicates a range of habitat conditions under which individual
species are competitively successful. Two soils, a somewhat poorly drained Nappanee silt
loam and a very poorly drained Toledo silty clay vary in several of the chemical properties
analyzed as well as in moisture status and thus influence soil moisture availability,
aeration, and nutrient availability. These soils seem to play a key role in maintaining 2
distinct arborescent community types within this woodlot.
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INTRODUCTION
The plant communities growing along
the southern shore of the western Lake Erie
basin generally have received only cursory
treatment in the literature. These studies
include only general descriptions (Gordon
1966, 1969; Kaatz 1955) of habitat and
species present. The only quantitative de-
scriptions of community types describes
arborescent species composition in relation
to 2 soil types (Hamilton and Limbird
1979). Except for this study, only general
information is available describing the
soils along the lake shore (Paschall et al.
1928, Ohio DNR 1974, Ohio DNR
1981). The present study further correlates
arborescent species distribution in relation
to moisture regimes determined by 2
distinct soils.
STUDY SITE
The Ottawa National Wildlife Refuge is
located in Benton Township, Ottawa
Manuscript received 28 May 1981 and in revised
form 21 December 1981 (#81-23).
County at latitude 4l°37'N and longitude
83°l4'W. The specific area, designated as
Ottawa Woods, is located within the Ref-
uge in the NE quarter of section 34,
township 8N, range 14E. It is bounded on
the north and east by Crane Creek and
associated marshes of the Lake Erie shore,
and on the south and west by flat, low
agricultural fields. The total hardwood for-
est encompasses about 3 ha of which
1.8 ha are included in this study. The gen-
eral area is nearly flat and poorly drained
glacial lake plain approximately 175 m
above sea level.
The mesic, humid climate of the study
area is directly influenced by the close
proximity of Lake Erie, which provides for
moderation of seasonal extremes and a
somewhat longer growing season than
away from the Lake (Preston 1975). The
climatic parameters for the southern
lake shore in this general location have
previously been enumerated and are simi-
lar to those of the Davis-Besse nuclear
plant site about 18 km east (Hamilton and
Limbird 1979).
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The substrate consists of 2 general soils
developed in a lacustrine deposit of the
proglacial lake, Nappanee silt loam, fine,
illitic, mesic aerie Ochraqualf and Toledo
silty clay, fine, illitic, nonacid, mesic mol-
lic Haplaquept. The parent material of the
Nappanee soil is moderately fine fresh
water sediments, one meter thick and un-
derlain by glacial till, while the Toledo
soil has developed in fine fresh water
sediments. The poorly drained soils gener-
ally are similar in appearance and mor-
phology except for the color and prominent
mottling resulting from very poor drainage
in the Toledo soil. The soils differ only
slightly in physiography; the Nappanee
soil occupies nearly imperceptable rises
in the landscape, while the Toledo soil
occupies slight depressions. Thus, it is
a drainage toposequence difference in
soils that is being investigated; other soil
forming factors, macroclimate, time, par-
ent material, and organisms available for
colonizations are similar for the 2 soils
(Jenny 1980).
METHODS AND MATERIALS
A soil sampling station was established in a repre-
sentative soil area in each of the Nappanee silt loam
and the Toledo silty clay in summer 1976. The soils
were identified and soil profiles were described (ta-
ble 1). Bouyoucos gypsum soil blocks were cali-
brated using pressure plate extraction of moisture at
Vi, 5, 10, and 15 atm and then buried at 10, 20, and
50 cm depths in the Ai, A2, and B2 horizons of each
soil. Percent available moisture by weight was deter-
mined weekly with a Bouyoucos Model BN-2B
moisture meter and summarized on a monthly basis
to facilitate interpretation of differences between the
2 soils. Soil temperatures were recorded on pre-
viously calibrated remote recording thermographs in
each of the 3 horizons for both soils, and sum-
marized using weekly mean minimum, mean maxi-
TABLE 1
Soil profile descriptions, Ottawa Woods, Ottawa National Wildlife Refuge, Ottawa County, Ohio.
Nappanee Silt Loam
Horizon Depth cm Description
A,
A2
B2t
B3
11C
0-16
16-24
24-34
Dark grayish brown (10YR 4/2) silt loam; moderate, medium crumb; friable;
abundant roots; gradual, smooth boundary; pH 6.3-
Dark gray (10YR 4/3) silt loam; weak, fine platy to weak, fine crumb; friable; few
roots; clear, smooth boundary; pH 6.2.
Brown (10YR 5/3) silty clay loam; common, fine, faint yellowish brown (10YR 5/4)
mottles; moderate, subangular blocky; firm; clear, smooth boundary; pH 6.4.
34-104 Light yellowish brown (10YR 6/4) silty clay; common, fine distinct grayish brown
(10YR 5/2) mottles; strong subangular blocky; very firm; gradual, smooth boundary;
pH6.4.
104-112 Light yellowish brown (10YR 6/4) with gray (5Y 6/1) and reddish brown (5YR 4/3)
common, medium, prominent mottles; silty clay loam; moderate, subangular blocky;
abrupt, wavy boundary; pH 6.8.
112+ Light yellowish brown (10YR 6/4); clay loam glacial till; strong, medium angular,
blocky; calcareous; pH 7.2.
Toledo Silty Clay
Ai 0-18 Dark to very dark grayish brown (10YR 3/2); silty clay; moderate, fine crumb; firm to
friable; gradual, smooth boundary; pH 6.3.
18-30 Dark gray (10YR 4/3) silty clay; few, fine, distinct yellowish brown (10YR 5/6)
mottles, weak, fine subangular blocky; firm; clear, smooth boundary; pH 6.0.
30-44 Brownish gray (2.5Y 4/2) with dark gray (5Y 4.5/1) common, medium, prominent
mottles; silty clay; moderate, medium subangular blocky; firm; gradual, wavy
boundary; pH 6.0.
44-94 Light brownish gray (2.5Y 6/2); silty clay; strong, medium angular blocky; very firm;
gradual, smooth boundary; pH 5.9-
94-100 Light brownish gray (2.5Y 6/2); silty clay loam; moderate, medium angular blocky;
firm; abrupt, smooth boundary; pH 6.4.
100+ Light brownish gray (2.5Y 6/2); clay loam; massive; calcareous; pH 7.0.
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mum, and average values from hourly readings for
comparison with moisture availability and length of
growing season.
Soil chemical analyses were carried out by an inde-
pendent soil testing laboratory to prevent biased
results. Chemical analyses were based on composite
samples taken from each of the 2 soils in the Ai, A2,
and B2 horizons where instruments for soil moisture
and soil temperature had been installed. Soil pH was
determined in a 0.01M CaCl2 solution (Peech
1965). Cation exchange capacity and exchangeable
cations of Ca, Mg, K, Na were determined in a IN
solution of (NH4OAc) at pH 7.0 (Chapman 1965).
Sulfates were determined colorimetrically using
0.1MCaCl2 (Johnson and Nishita 1952, Dean
1966). Organic matter was determined by the wet
combustion, colorimetric method (Sims and Haby
1971). Phosphorus was determined as NaHCO3
soluble P (Olsen and Dean 1965). The values of
chemical soil constituents were tested for signifi-
cance using a Chi-square test at the 0.05 level of
significance.
Investigation of the woody plant species of Ottawa
Woods was initiated in the spring of 1977. A per-
manent study area 180 X 100 m in size was estab-
lished using 1.5-m steel fence posts spaced 20 m apart,
so that a grid system was constructed encompassing
180 permanet 10 X 10 m quadrats in the central,
least disturbed portion of the woods.
The vegetation was sampled using nested quad-
rats. Within 10 X 10 m quadrats, arborescent
species more than 2.54 cm DBH (diameter at breast
height) were recorded by species and DBH. In-
dividuals less than 2.54 cm DBH but more than
3.0 m tall were tallied by species only. The sapling
and shrub layer (composed of woody species more
than 30 cm but less than 3.0 m in height)
was sampled in 4 X 4 m quadrats located in the
northwest corners of the larger quadrats. In these,
the number of individual saplings and shrubs was
counted by species. The number of woody seedlings
(those woody individuals less than 30 cm tall) was
recorded by species in 0.5 X 2 m quadrats placed
in the northwest corners of the 4 X 4 m quadrats.
Nomenclature of all species follows that of Fernald
(1950).
Calculation of importance values was done by
modification of the Curtis and Mclntosh (1951) and
Buell et al. (1966) methods as described by Ham-
ilton and Forsyth (1972). They were obtained by
totaling the relative overstory values for density,
frequency, and dominance, and dividing this total
by 3- The importance values for all other species
considered in the remaining vegetational layers were
obtained by dividing the sum of the relative values
of density and frequency by 2. Thus, values are com-
parable in all the vegetational layers sampled, with
the maximum importance value in any one layer
being equal to 100.
RESULTS AND DISCUSSION
The characteristics of the 2 soils of the
study area indicate that they are quite
similar except for their moisture regimes
due to the microrelief differences between
rises and depressions in the near level land-
scape and the effects of moisture on other
soil properties (table 2). Organic matter
content, and milliequivalents per 100 g
(me/lOOg) of calcium, magnesium, potas-
TABLE 2
Average soil analysis values, Ottawa Woods, Ottawa National Wildlife Refuge, Ottawa County, Ohio.
Horizon
Property
pH
CEC
% base sat.
% Ca sat.
% Mg sat.
H(me/l00g)
Ca(me/l00g)
Mg(me/l00g)
K(me/l00g)
Na(me/l00g)
ppm sulfates
ppm P
% organic matter
*Significant at 0.
Significant at 0.
A,
6.28
24.4
84.5
60.4
21.6
4.0
14.5
5.1
0.6
0.2
22
24
6.9
05 level.
10 level.
Nappanee Soil
A2
6.20
23.4
86.0
58.0
25.5
3.8
13.1
5.7
0.6
0.2
18*
19
3.8
B2t
6.42*
21.8*
93.6*
57.4+
33.8
1.7*
12.2
7.2
0.5
0.2
25*
8
1.7
A,
6.28
25.6
83.9
60.7
20.7
4.1
15.6
5.2
0.6
0.1
24
32
6.6
Toledo Soil
A2
6.02
24.9
81.1
52.6
26.1
5.0
12.8
6.4
0.6
0.1
30*
17
3.8
B2g
5.95*
25.4*
86.2*
51.1+
32.9
3.6*
12.7
8.3
0.6
0.2
41*
10
1.9
OhioJ. Sci. SPECIES OCCURRENCE ON SOIL TYPES 285
TABLE 3
Soil particle size analysis, Ottawa Woods, Ottawa National Wildlife Refuge, Ottawa County, Ohio.
Horizon
Ax
A2
B t
B2t
Sand
26.0*
23.6*
18.7*
15.3*
Nappanee Soil
Silt
52.2
51.6
50.1
45.3
Clay
21.8*
24.8*
31.2*
39.4*
Horizon
A,
A2
B l g
B2g
Sand
9.6*
9.2*
8.8*
8.6*
Toledo Soil
Silt
47.9
44.5
44.1
43.5
Clay
42.5*
46.3*
47.1*
47.9*
*Difference significant at 0.05 level.
sium, sodium, and phosphorus are not sig-
nificantly different between the Nappanee
and Toledo soils. It is only at depth that
differences in soil properties become appar-
ent. The very poorly drained characteristic
of the Toledo soil is indicated by gleying
(g) in the B l g , B2g, B3g horizons compared
to the Nappanee soil (table 1). The g sub-
script is an indication of the presence of
reduced iron in the soil as a result of water
being present in the profile for extended
periods of time. Gleying and the accom-
panying reduction conditions in the ab-
sence of adequate oxygen results in greater
accumulations of forms of sulfur in the
Toledo soil. Significantly greater accumu-
lations of sulfates in the A2 and B2g hori-
zons of the Toledo soil as compared to the
Nappanee soil are due to the significantly
greater amount of clay in the Toledo soil
(table 3) and the sulfate retention ability of
the clay (Tisdale and Nelso 1975). The
increase in hydrogen cations normally asso-
ciated with reduction conditions, results in
a significantly lower pH in the B2g horizon
of the Toledo soil than the B2t horizon of
the Nappanee soil.
Cation exchange capacity (CEC) is sig-
nificantly higher in the B2g horizon of the
Toledo soil than in the B2t horizon of the
Nappanee soil because of the significantly
higher clay content in the Toledo soil
(table 3). However, percent base saturation
and percent Ca saturation are significantly
lower in the Toledo soil than in the Nap-
panee soil due to the substitution of hy-
drogen ions for bases in the Toledo soil.
Thus, higher moisture levels in the Toledo
soil affect soil characteristics that induce
differences in plant community com-
position beyond the direct influence of
moisture availability.
TABLE 4
Average monthly moisture values (% available by weight) Nappanee and Toledo soils, Ottawa Woods,
Ottawa National Wildlife Refuge, Ottawa County, Ohio.
Month*/horizon
March
April
May
June
July
August
September
October
November
A l
87.5
97.2
93.6
90.7
58.0+
43.1+
42.8
43.9+
64.1+
Nappanee Soil
A2
87.3
98.5
87.8
79-8
31.6+
42.4f
51.6
60.9
69.6
B2t
90.8
100.0
100.0
98.1
68.0+
49.8+
52.6+
48.1+
55.3
A,
94.7
98.9
100.0
99.4
73.8+
59.1+
56.2
59.5+
77.4+
Toledo Soil
A2
94.5
99.4
100.0
99.5+
76.0+
62.9+
61.8
49.8
61.1
B2g
96.7
100.0
100.0
100.0
83.9+
65. lf
12.6'
70.8+
66.8
*Averages have not been included for December, January, and February because the soil usually has been
frozen, creating inaccurate moisture availability values.
Significance at 0.05 level.
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Differences in the moisture regimes of
the Toledo and Nappanee soils can be dem-
onstrated only partially using moisture
availability data (table 4). Available mois-
ture is the moisture in the soil between
field capacity (.33 atm) and wilting point
(15 atm). A summary of moisture values
indicates that the Toledo soil is slower to
dry out in spring and usually re-establishes
higher moisture levels earlier than the
Nappanee soil. In addition, soil moisture
generally does not drop as low in the Toledo
soil. Not all of the monthly average values
were statistically significant. However,
water normally ponds on the surface of the
Toledo soil areas in spring making the
topographic expression of the slight rises of
the Nappanee soil areas visible. The Nap-
panee soil areas have not been ponded in 5
springs of observation in Ottawa Woods.
The wetter Toledo soil warms more
slowly in spring at all 3 depths monitored.
TABLE 5
Importance values of species in Ottawa Woods, Ottawa National Wildlife Refuge, Ottawa County, Ohio.
Fraxinus pennsylvanica
Fraxinus pennsylvanica var. subintegerrima
Carya ovata
Quercus rubra
Crataegus sp.
Tilia americana
Quercus alba
Cornus amomum
Cornus drummondi
Quercus bicolor
Carya cordiformis
Acer saccharinum
Ulmus rubra
Quercus macrocarpa
Quercus palustris
Carpinus caroliniana
Viburnum lentago
Viburnum prunifolium
Corylus americana
Lindera benzoin
Acer rubrum
Prunus virginiana
Ostrya virginiana
Cornus obliqua
Rosa sp.
Sambucus canadensis
Gymnocladus dioica
Xanthoxylum americanum
Fraxinus nigra
Acer negundo
Euonymus atropurpureus
Fraxinus americana
Celtis occidentalis
Fraxinus quadrangulata
Vitis sp.
Ribes americana
Rubus sp.
Populus deltoides
Rhus radicans
Parthenocissus quinquefolia
Tree Layer
10.89
10.65
9.81
8.00
7.77
7.76
7.05
5.74
4.95
4.78
3.62
3.10
3.09
2.80
1.67
1.34
1.28
1.05
0.95
0.68
0.61
0.56
0.50
0.39
0.31
0.14
0.12
0.08
0.07
0.06
0.06
0.06
0.04
0.04
0.00
0.00
0.00
0.00
0.00
0.00
Shrub & Sapling
Layer
4.45
16.59
1.05
2.26
2.23
8.03
0.29
7.40
15.44
0.23
0.75
5.90
1.75
0.00
0.00
0.29
1.76
2.12
2.99
1.03
1.57
1.08
0.29
6.33
3.33
0.00
0.00
1.03
0.15
0.15
0.00
0.00
0.00
0.00
2.86
7.33
1.09
0.29
0.00
0.00
Seedling Layer
1.71
5.28
0.14
1.05
2.77
0.43
0.25
2.42
6.26
0.25
0.43
0.28
0.68
0.00
0.00
0.40
0.57
0.49
0.25
1.39
0.25
0.14
0.14
2.75
0.85
0.00
0.00
0.17
0.00
0.00
0.00
0.00
0.14
0.00
12.42
3.53
0.46
0.00
49.16
4.96
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The growing season is effectively shortened
by the significantly cooler soil tem-
peratures. A 40 F value was used as a mea-
sure of the potential growing season of the
root environment of the arborescent spe-
cies. The average number of days with soil
temperatures 40 F for the Ax horizons is
206 for the Toledo soil compared to 221 for
the Nappanee soil; for the A2 horizons
206.5 compared to 228; and for the B2
horizons 208 compared to 230. Each of
these differences are significant at a 0.10
level. Thus, higher soil moisture levels in
the Toledo soil reduce soil temperatures so
that the growing season is shortened by
about 20 days. This may especially delay
germination of seeds and growth of seed-
lings in the spring.
Ottawa Woods can be described as a
Fraxinus pennsylvanka, F. pennsylvanica var.
subintegerrima, Carya ovata, and Quercus
rubra community (table 5). Together these
4 species provide better than 39% of
the total importance value of the tree layer.
A second group of 3 arborescent species,
Crataegus sp., Tilia amerkana, and Quercus
alba account for more than 22% of the
importance value, while a third group
of 6 species Quercus bicolor, Carya cor-
diformis, Acer saccharinum, Ulmus rubra,
Q. macrocarpa, and Q. palustris contribute
slightly more than 19% of the total
importance value of the tree layer. The 4
canopy species, Fraxinus pennsylvanica var.
subintegerrima, F. pennsylvanica, Acer saccha-
rinum, and Tilia amerkana, with a total
importance value of about 35% are most
important in the sapling layer. In addition,
3 shrub species, Cornus drummondi, C. am-
omum, and C. obliqua, contribute slightly
more than 29% importance value to this
layer. The reproductive layer is dominated
by Rhus radkans with an importance value
slightly less than 50% followed by Vitis
sp. at slightly over 12%. Arborescent
reproduction is dominated by Fraxinus
pennsylvanica var. subintegerrima and shrub
reproduction by Cornus drummondi.
The arborescent species composition of
Ottawa Woods strongly suggests that it
should be classified as transitional phase 3
of the Elm-Ash-Soft Maple community of
Sampson (1930). This Red Oak-Linden
transition is characterized by Fraxinus
pennsylvanica (Red ash), F. pennsylvanica
var. subintegerrima (Green ash), Carya ovata,
C. cordiformis, Quercus rubra, Tilia ameri-
cana, and Ulmus rubra. These 7 species
account for almost 54% of the total im-
portance value of the tree layer and approxi-
mately 64% of the importance value of
the true canopy species present. Although
importance values in the sapling layer
(34.88%) and seedling layer (9.72%) are
somewhat low, comparison made between
the true arborescent species increases these
values dramatically. These canopy species
contribute 73.66% and 63.84% of the
importance values of the potential canopy
individuals present in the sapling and seed-
ling layers, respectively.
The range of species present in the 3
vegetational layers indicates a range of
moisture tolerance, from very poorly
drained (including standing water) to
somewhat poorly drained soil habitats.
Figure 1 depicts this moisture gradient us-
ing selected species. It is based on our own
observations of the habitat occurrence of
these species as well as habitat preferences
cited by Braun (1961), Fernald (1950),
Gleason and Cronquist (1963), Hosie
(1973), Otis (1931), and Stava (1978). The
range of tolerance to edaphic moisture con-
ditions for these selected species indicates a
wide range of habitat conditions in this
community. Direct observation also indi-
cates that these species seem to be distri-
buted in the community in relationship to
the slight differences in microtopography.
These appeared to be controlled by varia-
tion in soils in a toposequence and result in
heterogeneous soil moisture conditions
throughout the woods as discussed above.
With these variables in focus, soil types
were mapped, and specific quadrats lo-
cated entirely in areas underlain by these 2
soils were selected for further study. This
included 46 nested quadrats situated en-
tirely within the Toledo soil and 106 lo-
cated within the Nappanee soil. The tree
data from these selected quadrats were ana-
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lyzed using the Chi-square test. Results
indicated 2 distinct arborescent commu-
nities related to differences in soil proper-
tries previously discussed (table 6). The
number of individuals and density values
for Fraxznus pennsylvanka were approxi-
mately 7 times greater in the Toledo soil
than in Nappanee soil. Basal area and
dominance values for individuals of Quercus
bicolor and U/mus rubra in the wetter
Toledo soil were approximately 6 times
greater than values on the Nappanee soil.
Much greater differences in these values
were exhibited for Acer saccbarinum (13X)
and Quercus palustris (25X). Quercus macro-
carpa also has significantly greater basal
area and dominance values in the Toledo
soil. In contrast, the number of individuals
and density values for Fraxinus pennsyl-
vanka var. subintegerrima were 5 times
greater in the Nappanee soil than in
the Toledo soil and Quercus alba was con-
fined to the Nappanee soil. Basal area and
dominance values were 3 times greater for
Crataegus sp. and 9 times greater for
Quercus rubra in the Nappanee soil. Basal
area and dominance values were also sig-
nificantly greater in the Nappanee soil for
Tilta amerkana.
Differences in species composition and
community structure in relation to dis-
tribution of 2 soils has been previously
documented in an area designated as the
Tower Woods that is only 13 km east
of the present study area (Hamilton and
Limbird 1979). The 2 soils supported dis-
tinct communities that were in an earlier
successional stage than the Ottawa Woods.
Nevertheless, the same general concepts
of species response to habitat variations
that act to separate one species population
from another are valid (Bell 1974, Col-
linson 1977, Del Moral 1972, Hamilton
and Limbird 1979, Morison et al. 1948.
Zimmerman and Wagner 1979).
To evaluate further these later succes-
sional communities in relation to the 2
soils, importance values were calculated for
all species occurring in association with
each soil type (table 7). In the true canopyCor
nu
s 
o
bl
iq
ua
Ro
sa
 
sp
.
Sa
mb
uc
us
ca
na
de
ns
is
Fr
ax
in
us
 
n
ig
ra
Gy
mn
od
ad
us
di
ok
a
Xa
nt
ho
xy
lu
m
a
m
er
ic
an
um
Ac
er
 
n
eg
un
do
Eu
on
ym
us
at
ro
pu
rp
ur
eu
s
Fr
ax
in
us
a
m
er
ka
na
Ce
lti
s
o
cc
id
en
ta
ls
Fr
ax
in
us
qu
ad
ra
ng
ul
at
a
290 E. S. HAMILTON AND A. LIMBIRD Vol. 82
Wet
Toledo Soil
Wet Mesic
- Nappanee Soil
Mesic Dry Mesic Dry
• Fraxinus nigra — * -
Fraxinus pennsylvanica
-•^-Fraxinus pennsylvanica var. subintegerrima-
Quercus bicolor ^ -
Quercus palustiis » -
Quercus rnacrocarpa
Quercus rubra
Quercus alba
Carya cordiformis
Carya ovata-
Acer saccharinum
Ulmus rubra •
Tilia americana •
FIGURE 1. Moisture gradients of important arborescent species in Ottawa Woods, Ottawa County, Ohio.
layer, differences in importance values
proved to be significant between soils for
11 species. Four species, Fraxinus pennsyl-
vanica var. subintegerrima, Quercus rubra, Q.
alba and Crataegus sp. were significantly
more important in the areas of Nappanee
soil. Seven species, Fraxinus pennsylvanica,
Quercus bicolor, Acer saccharinum, Ulmus
rubra, Q. pa I us tris, Q. rnacrocarpa, and F.
nigra, were significantly more important
in the areas of Toledo soil. In the shrub and
sapling layer, Fraxinus pennsylvanica var.
subintegerrima, Crataegus sp., Tilia ameri-
cana, Carya cordiformis, Viburnum pruni-
folium, and Corylus americana were more
important in areas of Nappanee soil, while
Fraxinus pennsylvanica, F. nigra, Acer sac-
charinum, -Populus deltoides, Cornus obliqua,
and Viburnum lentago were more important
in areas of Toledo soil.
In the seedling layer, Fraxinus pennsyl-
vanica var. subintegerrima, Rhus radicans,
and Parthenocissus quinquefolia were more
important in the Nappanee soil. In the
Toledo soil, Fraxinus pennsylvanica, Ulmus
rubra, Cornus drummondi, C. obliqua, and
Vitis sp. were more important. Overall,
the species most diagnostic in all three
vegetational layers appear to be Fraxinus
pennsylvanica var. subintegerrima in areas of
the somewhat poorly drained Nappanee
soil and F. pennsylvanica in areas of the very
poorly drained Toledo soil.
The response of various species to yearly
moisture regimes in the 2 soils un-
doubtedly is related to soil aeration and
nutrient availability and uptake (Hamilton
and Limbird 1979) which manifests itself
through competition. Higher moisture
content of the Toledo soil in both fall and
spring (table 4), coupled with spring
ponding and subsequent delayed drying,
inhibits many species (Morison et al. 1948,
Wilde 1958). Delayed drying and higher
moisture content effectively shorten the
growing season as the Toledo soil remains
cooler longer in spring and cools sooner in
fall compared to the Nappanee soil. The
inhibiting effect of high moisture levels on
nutrient uptake has been well documented
(Kellman 1975, Kramer and Kozlowski
I960, Voigt 1958), with different species
evolving differing tolerances to the lack of
aeration and nutrients (Brown and Curtis
1952, Morison et al. 1948).
The ranges of tolerance for selected arbo-
rescent and shrub species are depicted in
fig. 1. Obviously these overlap, with cer-
OhioJ. Sci. SPECIES OCCURRENCE ON SOIL TYPES 291
tain species exhibiting very wide ranges of
tolerance to moisture while others are
highly restricted. The significantly im-
portant arborescent species in the very wet
Toledo soil, particularly Fraxinus pennsyl-
vanica, Acer saccharinum, Ulmus rubra,
Quercus palustris, Q. macrocarpa, and Q. bi-
color, are better adapted to excess moisture
and reduced nutrient absorption than other
species such as Quercus rubra, Q. alba, and
TABLE 7
Importance values of the different woody species in the Nappanee and Toledo
soils in Ottawa Woods, Ottawa National Wildlife Refuge, Ottawa County, Ohio.
Fraxinus pennsylvanica
Fraxinus pennsylvanica
var. subintegerrima
Carya ovata
Quercus rubra
Crataegus sp.
Tilia americana
Quercus alba
Cornus amomum
Cornus drummondi
Quercus bicolor
Carya cordiformis
Acer saccharinum
Ulmus rubra
Quercus macrocarpa
Quercus palustris
Carpinus caroliniana
Viburnum lentago
Viburnum prunifolium
Corylus americana
Lindera benzoin
Acer rubrum
Prunus virginiana
Ostrya virginiana
Cornus obliqua
Rosa sp.
Sambucus canadensis
Gymnocladus dioica
Xanthoxylum americanum
Fraxinus nigra
Acer negundo
Euonymus atropurpureus
Fraxinus americana
Celtis occidentalis
Fraxinus quadrangulata
Vitis sp.
Ribes americana
Rubus sp.
Rhus radicans
Parthenocissus
quinquefolia
Populus deltoides
Tree
Layer
8.48*
13.05*
8.42
11.63*
9.22+
8.39
10.83*
6.12
4.80
2.03*
3.96
1.63*
1.98*
0.87 +
0.23*
1.60
1.23
1.58
1.21 +
0.53
0.31
0.23
0.68
0.17
0.16
0.12
0.14
0.07
0.00+
0.05
0.11
0.09
0.06
0.05
—
—
—
—
—
—
Nappanee Soil
Shrub and
Sapling Layer
2.14*
17.68*
1.05
2.72
3.27*
9.96*
0.48
8.95
14.49
0.13
1.24+
5.16+
2.08
0.00
0.00
0.40
1.30+
3.09*
4.37*
0.77
1.42
0.19
0.48
3.71*
2.24
—
—
1.06
0.00+
—
—
—
—
—
1.90
8.19
1.50
—
—
0.00+
Seedling
Layer
1.24*
6.73*
0.20
0.81
3.20
0.66
0.40
2.46
4.35*
0.20
0.44
0.20
0.40
0.00
0.00
0.42
0.20
0.51
0.40
1.26
0.20
—
—
1.08*
0.88
—
—
0.24
—
—
—
—
0.20
—
6.78*
3.17
0.71
57.01*
5.87*
—
Tree
Layer
19-83*
4.76*
9.58
2.49*
4.94+
6.16
0.00*
3.74
4.78
11.65*
3.06
5.95*
5.77*
3.55 +
5.41*
2.05
0.91
0.32
0.00+
0.55
1.12
1.47
0.28
0.63
0.55
0.14
—
—
0.28+
0.00
0.00
0.00
0.00
0.00
—
—
—
—
—
—
Toledo Soil
Shrub and
Sapling Layer
14.19*
10.25*
1.32
1.60
0.00*
3.11*
0.00
7.80
17.19
0.00
0.00+
9.77 +
1.60
0.00
0.00
0.00
3.77 +
0.00*
0.00*
0.66
2.45
1.13
—
9.22*
2.45
—
—
0.85
0.66+
—
—
—
—
—
3.95
6.11
0.66
—
—
1.32 +
Seedling
Layer
5.42*
2.33*
0.00
2.33
4.02
0.00
0.00
2.88
14.14*
0.00
0.00
0.00
2.76+
0.00
0.00
0.74
1.28
0.96
0.00
2.55
0.74
—
0.74
5.51*
1.81
—
—
—
—
—
—
—
—
—
39.21*
3.50
0.00
7.65
1.49
—
*Significanr at 0.01 Level.
+Significant at 0.05 Level.
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Crataegus sp. which tend to be more preva-
lent on the better drained Nappanee soil.
The 2 distinct community types occupy-
ing these 2 soils thus are regulated by dif-
ferences in soil moisture, which affect
aeration, availability of nutrients, and pH
values and thus restrict or enhance survival
effects of species having different moisture
tolerances.
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